INTRODUCTION
In the beginning of the new millennium, several authors made attempts to answer the question that persists for many decades: what is the true position of hydrogen in the Periodic Table ( PT) of the elements?
Let us mention in the very beginning that we understand perfectly that:
 this question is a difficult one;  depending on the arguments offered, various choices may appear to seemingly lead to the "best possible choice", and  people are usually biased/predetermined to one of the possible choices.
The latter necessarily leads to nonobjectiveness, meaning that people put "high weights" on their own arguments while being in the same time highly critical to arguments offered by others.
For several years we followed with interest the discussions (sometimes monologues) of various authors, heavily based on their own arguments. We ourselves were not particular supporters of any of the offered proposals that is (perhaps) kind of an advantage that allows judging the offered arguments more critically and objectively than the authors themselves.
Let us rephrase slightly the task that is to be completed: the problem is, how to classify hydrogen? In other words, to which group(s) in the PT should it be properly assigned?
Hydrogen is the first element in the PT. It seems obvious (without offering a formal proof) that if it is to be classified to some group, it should be one of the eight groups, formerly called "main groups" of the PT, i.e. groups 1-2 and 13-18, and not groups 3-12 (containing transition metals).
The italicized text in previous paragraph is intended to point to an important issue that is often forgotten: every classification is a human activity. It is not just a mere indisputable fact that exists in nature waiting to be discovered. Classifications are (or might be) more or less arbitrary. Indeed, there are many criteria according to which the elements of a given set could be classified. The above holds especially when speaking about chemical elements: chemical elements might be classified according to the state of aggregation, boiling and melting temperatures, color, electrical conductivity etc., etc. It may not be quite clear why would someone classify the elements on the basis of their electrical conductivity, unless it is done for a very specific (hence limited) interest. Yet, even such a classification is possible.
The standard approach nowadays (and for many decades back) is to list the elements in a series of ascending atomic numbers, and then search for similarities. This approach is today somewhat different from the original Mendeleev"s [1] , but has the advantage of being on a better scientific ground. The result is the well-known classification of the elements in the PT, comprising 7 periods and 18 groups, accounting for all s-, p-and d-elements, but hydrogen and (to a lesser extent) helium. Other approaches exist too, resulting in somewhat different schemes of the elements in the PT and will be briefly mentioned in what follows.
A word on the literature used: we listed all references chronologically, and then refer to each of them simply by its number in the list.
Brief review of previous work
In the somewhat extensive literature sources that were available to us, there are those devoted to the discovery of the PT [1, 6, 8, 11, 26, 36] , its reception [8] , the contribution of physics to the periodic law [4, 27] , the definitions of the term element [10, 11, 15, 20, 25, 28] and jubilees (centennial) of the death of Mendeleev [17] . The definition of element is in, a way, dual: it relies on a concept of element as an observable (elemental, or simple substance), but also on a concept of element as "a 'basic substance,' something that can survive chemical change and is the common component of different compound substances." [11] . It is the latter notion, of elements as basic substances, that is more important. It seems that the distinction between the two concepts was known as early as the discovery of the PT [15] .
Closely related to the previous are publications aimed (among other things) at the best possible demonstration of the periodicity (including triads) and the periodic law selecting "the best possible choice of a PT" [5, 12, 18, 22, 23, 29, 30] . Regarding the possible formats/presentations of PT, we will mention only few (let"s call those "typical representatives") of the huge number of possibilities (Figures 1-5) .
The above format presentations will be discussed in relation to the central question of the present contribution: what is the true (if any) place of the element hydrogen, in the PT? For that reason, primarily the references devoted to this question [7, 9, 10, 13, 14, 16, 19, 31, 32, 34, 37, 39] will be reviewed in the next heading.
Three references were devoted to noble gas chemistry: that of Ar [2, 3] (HArF was synthesized in 2000 and was proven to be stable at very low temperatures [2] ) and the brand new publication reporting the synthesis of Na 2 He under extreme pressures of some 100 GPa [38] . Reference 21 is about the notion of isoelectronic series, isodiagonality and diagonal relationships between the elements in PT [24] , the order in which the 3d and 4s energy levels are populated [33] and the eka-elements and chemical pure possibilities [35] .
WHERE TO PLACE HYDROGEN IN THE PT?
The first one that assigned hydrogen in the PT was, of course, Mendeleev [1] . In 1869 he originally positioned it (cf. Figure 1 a) in the same group (row) with copper, silver and mercury. In view of his excellent knowledge of the chemical properties which weighed so much on the positioning of the elements it is reasonable to allow that he meant it to be separated from all other elements. In two years (1871) he placed it in the first group, next to the alkali metals [14] . True, since this is the short format of PT, this group contained also Cu, Ag and Au (but arguments could be offered even for such similarities [30] ). Group 1 is even nowadays the most "popular" place for H [5, 10, 13, 16, 18] , as demonstrated by the most common "shape" of the PT (cf. Figure 2) . The arguments stem from the fact that H is univalent (exactly as the alkali metals), and forms compounds with the same general formula. Further, from the point of view of physics, the atomic term of hydrogen ( 2 S 1/2 ) is identical with that of alkali metals. One more reason would be that under very high pressures (≈ 500 GPa) there are strong experimental indications that metallic hydrogen is formed [39] . If this is proven to be true, that would be a serious argument for those inclined to put H above Li. The trends of electronegativities is qualitatively correct, albeit the value for H is much higher (the variation of the electronegativity from Li to Cs is in much smaller steps). On the other hand, there are really strong arguments against this assignment. We would only like to mention here that no alkali metal forms M -anions (unlike the stable H -, the hydride anion). Also, all MX salts (where M is an alkali metal, and X is halogen) are ionic solids. All HX compounds are covalent and gaseous. More arguments will be offered in the subsequent paragraph. Hydrogen could be placed in Group 17 (halogens) above F (cf. Figure 4) . A solid argument for this is that it forms covalent compounds with all nonmetals, but ionic compounds with alkali metals and most of alkaline earths (exactly as the halogens). Hydrogen as a simple substance, just like the halogens, exists in the form of diatomic molecules. It cannot form free H + ions, due to the extremely high polarizability of the naked proton. Invoking Sacks [14] ,
"A Coulombic model, in which all compounds of hydrogen are treated as hydrides, places hydrogen exclusively as the first member of the halogen family and forms the basis for reconsideration of fundamental concepts in bonding and structures. The model provides excellent descriptive and predictive ability for structures and reactivities of a wide range of substances... Although unique in many respects, both physical and chemical properties of the element conform best -if not perfectlywith other halogens".
Scerri [22] has also supported this view (in contrast to his previous opinion [10, 18] ), first of all as a result of treating the elements as basic (and not simple) substances, but also because if such a scheme is adopted, PT benefits with one more perfect triad (triad of atomic numbers). Hernández & Novaro [32] also give arguments against placing hydrogen in Group 1, but they are not saying explicitly that it should lead the halogens group. ). Although H above F seems a better option than H above Li, it too suffers from several shortcomings. The atomic term of all halogen atoms is 2 P 3/2 , and this is a compelling argument against its assignment to this group, at least for physicists. Also, the trend of electronegativities in the series H, F, Cl, Br, I is counterintuitive (one would expect the first element in a group to be the one with highest value for the electronegativity and this is true for all groups of s-and p-elements, providing hydrogen is left aside). Further, all alkali metals react vigorously (some of them even explosively) with water, giving MOH and hydrogen gas. The products with the analogous X 2 O are MX and M 2 O, if an excess alkali metal is used. It would not be possible to prevent the formation of MOH under similar experimental conditions, for if that was possible, Davy could not generate potassium and sodium by electrolysis of molten MOH! Alkali hydrides are hydrolized in water giving H 2 and MOH. No reaction is possible between MX and X 2 O, at least for X = F, Cl! Finally, considering the ionization energies one comes to the conclusion that hydrogen is "incompatible" with both Group 1 and Group 17.
Hydrogen has also been placed in group 4, above carbon [9, 13] , on the basis of several arguments: a) Its valence electron shell ( 1s 1 ) is half filled, as is the shell of carbon (1s  2 2p 2 ); b) Its electronegativity is between the electronegativities of C and Si; c) The types of compounds hydrogen forms are closely related to the compounds with methyl (CH 3 ) instead of H; d) The H-H and C-H bonds are of comparable strengths etc. While the above is true, it is highly unusual to put a univalent element in a group of tetravalent ones. Neither the atomic terms of the elements in the carbon family ( 3 P 1 ) have anything in common with the term for hydrogen ( 2 S 1/2 ). In our opinion, this is the weakest proposal of all offered so far.
A step forward is the PT of Labarca & Srivaths [34] (cf. Figure 5) , where H is positioned above both Li and F, thus pointing to a resemblance of H with both Group 1 and Group 17. To further advocate this approach, one should be aware that there are no real arguments, apart from a belief, that "every element in PT belongs to one and one only of the existing groups of elements". Simplified, that would read: "Every s-or p-element in the PT belongs to one of the eight groups headed by the elements of period 2". Yes, the latter works perfect for all s-and p-elements except for hydrogen! In relation to this, the Labarca & Srivaths approach is a real success. The questions are: can one do better than that? Namely, within the frame of Labarca & Srivaths PT scheme, the problems with the trends (electronegativity, ionization energy) discussed above remain. Also, there are pure peculiarities about hydrogen, specific for this element only. That is the phenomenon of hydrogen bonding (HB), where a hydrogen atom is shared between two (or, very seldom, three highly electronegative atoms). This unique type of bonding may vary in strength continuously: on one end, it may approach the "bonding strength" of Van der Waals contacts; on the other, it may be indistinguishable from a true covalent bond, like in the case of (F-H-F) -, where both FH and HF bonds are identical by symmetry. A whole continuum of HB strengths is possible. This has remarkable consequences on the XH stretching frequencies of a HB species X-H···Y (with X being proton donor and Y being proton acceptor): from some 3700 cm -1 for a "free" O-H stretching, to some 500 -1 for very strong O-H-O hydrogen bonds. No other element in the PT spans such a wide range of stretching vibration wavenumbers.
Having in mind the above, it might be understandable why we agree with Kaesz & Atkins [7] , that H should be placed at a stand-alone position within the PT. As the authors say: "We do not support the duplication of hydrogen in the periodic . Now, the latter conclusion isn"t quite true. Of course, hydrogen was not "excluded" from the PT. It is well within it. However, it is not placed in any of the groups in this table. We do not see why such an approach would not be a legitimate one? Especially, when one recalls that the leading elements (Li, Be, B, C, N, O and F) show a certain extent of "exotic behaviour", when compared with those below them in the group. The diagonal relationships in the PT [24] (i.e. similarities between Li and Mg; Be and Al; B and Si, and to a lesser extent of C and P) are well known for a long time. These similarities might be, at least in part, related to the fact that atoms of the elements of the second period do not have (empty) d-orbitals of energy comparable to that of the valence electrons, unlike their heavier analogues. A similar, but much more pronounced "exotic behaviour" could then be a priori expected for hydrogen, being a first period element (and thus having no energetically close p-orbitals). If the former is true, the logical consequence would be to give it a special position in the PT, exactly as Kaesz & Atkins did! To end this discussion, we will very briefly point to the similar dilemma about the true position of He in the PT [19, 23, 31, 34] : shall it be put above Be or above Ne? Actually, it is only the electron configuration and the atomic spectra of He that matches those of alkaline earths. The atomic term of helium is equal to both terms of the alkaline earths and noble gases, namely 1 S 0 . However, there is a lack of real chemistry of He (with a single exception, the synthesis of Na 2 He under some really extreme experimental conditions, that has just recently been published [38] ). The former is in line with the properties of noble gases (showing, once again, a pronounced trend of increasing reactivity when going from He to Xe). Chemically, helium has nothing in common with typical metals, as are alkaline earths and the latter fact fully justifies its position in the PT as the first noble gas (and the least reactive element in PT).
Acknowledgement: The authors are indebted to one of the reviewers for pointing to an error in the citations, and also for clarifying that Mendeleev actually placed hydrogen at two different positions in PT.
